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Abstract 

Background: Nudging is an approach to environmental change that alters social and physical environments to 
shift behaviors in positive, self-interested directions. Evidence indicates that eating is largely an automatic behavior 
governed by environmental cues, suggesting that it might be possible to nudge healthier dietary behaviors. This 
study assessed the comparative and additive efficacy of two nudges and an economic incentive in supporting 
healthy food purchases by patrons at a recreational swimming pool. 

Methods: An initial pre-intervention period was followed by three successive and additive interventions that 
promoted sales of healthy items through: signage, taste testing, and 30% price reductions; concluding with a return 
to baseline conditions. Each period was 8 days in length. The primary outcome was the change in the proportion 
of healthy items sold in the intervention periods relative to pre- and post-intervention in the full sample, and in a 
subsample of patrons whose purchases were directly observed. Secondary outcomes included change in the caloric 
value of purchases, change in revenues and gross profits, and qualitative process observations. Data were analyzed 
using analysis of covariance, chi-square tests and thematic content analysis. 

Results: Healthy items represented 41% of sales and were significantly lower than sales of unhealthy items 
(p < 0.0001). In the full sample, sales of healthy items did not differ across periods, whereas in the subsample, sales 
of healthy items increased by 30% when a signage + taste testing intervention was implemented (p < 0.01). This 
increase was maintained when prices of healthy items were reduced by 30%, and when all interventions were 
removed. When adults were alone they purchased more healthy items compared to when children were present 
during food purchases (p < 0.001), however parental choices were not substantially better than choices made by 
children alone. 

Conclusions: This study found mixed evidence for the efficacy of nudging in cueing healthier dietary behaviors. 
Moreover, price reductions appeared ineffectual in this setting. Our findings point to complex, context-specific 
patterns of effectiveness and suggest that nudging should not supplant the use of other strategies that have 
proven to promote healthier dietary behaviors. 
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Background 

Emerging evidence indicates that many health-related 
decisions are often made very quickly, with little conscious 
thought [1-4]. Thus, although many individuals express a 
rational intention to eat healthfully, in practice they more 
commonly select unhealthy foods for immediate reasons 
such as taste and convenience. This intention-behavior 
gap has been described by behavioral economists as the 
product of two interacting information processing systems 
in a dual process model [2,4]. The first is a cognitive 
system that processes information in a rational manner, 
thoroughly weighing all options and selecting the best 
one. Traditional individual-level approaches engage this 
system through providing information. The second pro- 
cesses information in a non-cognitive manner, making 
decisions quickly, reflexively, and often in response to 
environmental cues. While some food-related decisions 
are made in a thoughtful and considered manner, most 
are made automatically using the second system, in re- 
sponse to environmental stimuli [2]. A dual process 
model of information processing provides a compelling 
basis for understanding why, despite an abundance of 
information and education, dietary behaviors have been 
resistant to change, highlighting the need to identify 
and target potent environmental drivers of food intake. 

In response, behavioral economists have proposed an 
environmental approach to behavior change grounded in 
principles of libertarian paternalism, that alters social and 
physical environments to shift behaviors in self-interested 
directions without limiting the available options [5,6]. 
Nudging, as this strategy is commonly called, is libertarian 
in the sense that it provides choice, but paternalistic 
because choices are presented in a manner that favors 
particular outcomes. Nudging is not new. The food indus- 
try has been successfully nudging consumers to purchase 
its (primarily unhealthy) products for decades. However, 
nudging is relatively untapped within public health. 
Wansink and Just are perhaps best known for having suc- 
cessfully nudged the purchase of healthier items through 
increasing their convenience [7,8], variety [9], and visibility 
[10]. Others too have successfully nudged children to 
select healthier foods through verbal prompts [11,12], 
enhancing aesthetic appeal [12], brand characters [13] 
and increased variety [12]. Studies in adults suggest that 
descriptive menu labels [14] and increasing the visibility 
[15] and convenience [16] of obtaining healthier items 
are also effective in increasing their sales. 

While often statistically significant, the impact of nudging 
has been quantitatively small in many instances [7,15,17], 
raising questions regarding efficacy. Nudges may therefore 
be more potent if implemented in combination, or along 
with more powerful economic incentives, however such 
investigations are limited, as noted in a recent systematic 
review [18]. At present, there is no compelling evidence to 



suggest that nudging alone can improve population health 
[4]. Studies are needed to test the efficacy of nudges in a 
variety of populations and settings, to determine optimal 
combinations, and to ascertain whether nudging is as 
powerful as more overt tools such as pricing. 

In Canada, recreational facilities are publicly funded 
sport complexes providing access to affordable physical 
activities. These facilities have been identified as a com- 
munity setting with substantial potential to improve public 
health, but which, by virtue of unhealthy food environ- 
ments, may be paradoxically contributing to obesity risk 
[19-21]. Managers are receptive to providing healthier 
options, but are reluctant to do so because they believe 
patrons will not buy them [20-25]. Nudging is a potentially 
powerful means of cueing healthier food selection in 
this setting, which might allow industry to improve food 
offerings without losing revenue. A literature search was 
therefore undertaken for promising nudges likely to be 
feasible for implementation in this context. 

The literature search identified several nudges that met 
this criteria. The first, taste testing, was judged promising 
because taste is one of the most important determinants 
of food selection among both children and adults [26-31]. 
Many individuals and especially children are, however, 
neophobic and hesitant to try new, healthful foods [32,33] . 
Although taste testing has been a component of successful 
school [12,34-37] and grocery store-based [38-41] multi- 
component dietary interventions, the independent impact 
of providing food samples to nudge selection of healthful 
products is not clear. Similarly, descriptive menu labels 
are a simple, low-cost strategy used by industry to en- 
hance the attractiveness of menu items, but were found 
to be relatively untested for their independent potential 
to cue healthier dietary choices [14,42]. By contrast, the 
literature review showed that economic incentives have 
proven consistently capable of shifting the dietary behav- 
iors of children and adults in desirable directions [43,44], 
suggesting they might augment the impact of these more 
subtle nudges. 

This study assessed the comparative and additive efficacy 
of two nudges (1. signage with descriptive menu labels; 
2. taste testing) and an economic incentive in supporting 
healthy food purchases by patrons in a naturalistic recre- 
ational sports setting. We hypothesized that sales of healthy 
items would be significantly greater compared to baseline 
in all intervention periods, with greater increases when 
nudges were combined, and when they were used together 
with a pricing incentive. 

Methods 

Study design 
Overview 

This study used mixed methods to quantify the impact 
of three environmental interventions on sales of healthy 
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items at an outdoor community pool. An initial pre- 
intervention control period was followed by three 
successive and additive environmental interventions 
including: 1) signage with descriptive menu labels, 2) 
addition of a taste testing intervention, and 3) addition 
of a price reduction intervention. Following the third 
intervention a final post-intervention control period 
was instituted. 

The study was conducted at an urban, municipally- 
operated outdoor pool adjacent to a recreational facility 
in the province of Alberta, Canada. The pool was open 
daily from 11 am-7 pm (weather-permitting) for 4.5 months 
of the year. Two concessions were present on-site. The 
first, a municipally-operated concession, sold exclusively 
pre-packaged items including a variety of candy, ice cream 
novelties, granola bars, dessert squares, potato chips, sugar 
sweetened beverages, fruit juice, diet soda and water. The 
other concession was privately operated (hereafter referred 
to as the target concession), and offered a larger menu 
consisting of main dishes (sandwiches and wraps), bev- 
erages (water, sugar sweetened beverages, smoothies, 
slushes) snacks and desserts (a variety of ice cream and 
fruit-based dishes) prepared primarily on-site. Data for 
the study were collected from May - September, 2012. 

This study was approved by the Human Research Ethics 
Board at the University of Alberta. Concession and muni- 
cipal managers provided written, informed consent to 
provide data for the study. 

Menus 

A menu was designed for the target concession that in- 
cluded a variety of well-liked options. Menu items were 
classified as healthy/unhealthy according to the Alberta 
Nutrition Guidelines for Children and Youth's criteria 
for "choose most often" (healthy), "choose sometimes" 
(unhealthy), and "choose least often" (unhealthy) [45]. 
The final menu consisted of 44.4% healthy items (Table 1) 
and was used during all phases of the study (ie. control 
and intervention periods). The menu in the municipally- 
operated concession was unchanged and contained very 
few (9.1%) healthy items. 



Table 1 Nutritional characteristics of the target 
concession's menu 





Healthy 3 


Unhealthy 3 


Main dishes 


25% 


75% 


Snacks and desserts 


50% 


50% 


Beverages 


55.6% 


444% 


Total 


44.4% 


55.5% 


Average caloric content per item 


144 kcals 


283 kcals 



a Healthy items met the definition of "choose most often" in the Alberta 
Nutrition Guidelines for Children and Youth [45]. Unhealthy items met the 
definition of "choose sometimes" and "choose least often". 



Periods 

The intervention took place exclusively in the target 
concession. No changes to product, pricing or promotion 
were made in the municipally-operated concession during 
the study. The interventions were additive and their order 
was determined based on the goals of the study, which 
were to compare the relative efficacy of single (signage) 
and multiple (signage and taste testing) nudges alone 
or together with price reductions, in increasing sales of 
healthy items. Thus, single and multiple nudges were 
implemented first to test their sales-stimulating potential 
in the absence of an economic incentive. Each control and 
intervention period was instituted for 8 days. 

Quality assurance Food service staff at the target con- 
cession received training regarding all study procedures 
prior to the pre-intervention baseline period. Topics 
included correct preparation of menu items, accurate 
keying of customer orders on the cash register, and 
specific details related to each intervention. Following 
training, the modified menu was introduced in the target 
concession and a trial period of 5 days was instituted to 
allow staff to practice study procedures in advance of data 
collection. Once the study began, researchers were present 
continuously within the setting to monitor compliance. 

Pre-intervention During the pre-intervention period 
menu items were displayed on 28 x 43 cm panels con- 
taining item names, descriptors, prices and colorful 
photos. Signage was placed 2-3 feet above ground level 
so that even very young children could easily see and 
touch the signs. 

Signage intervention We developed and pre-tested new 
descriptive names for healthy items that would appeal to 
children (Table 2). To draw attention to the new names 
the height of the panels advertising healthy items was 
doubled in size and signs were positioned as close as 
possible to the cash register. Signage for unhealthy items 
remained unchanged. 

Signage + taste testing intervention After the signage 
intervention had been in place for 8 days, a taste testing 
intervention was added. During this period small samples 
of healthy items (Table 2) were distributed to pool patrons 
between 1130 am and 3 pm daily for 8 days. 

Signage + taste testing + price reduction intervention 

After the second intervention had been in place for 8 
days, a 30% price reduction on healthy items was added 
(Table 2). Bright red '30% off signs were placed on the 
panels advertising healthy items. Post-discount prices of 
healthy items were below those of comparable unhealthy 
items. 
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Table 2 Healthy menu items with descriptive menu labels and reduced prices 



Original name 


Descriptive menu label 


Original price 


30% off reduced price 


Watermelon slushie 


Wacky wundermelon slushie 


$3.50 (regular) 


$2.45 (regular) 






$2.50 (small) 


$1.75 (small) 


Watermelon and frozen strawberry slushie 


Wonderful waterberry slushie 


$3.50 (regular) 


$2.45 (regular) 






$2.50 (small) 


$1.75 (small) 


The coco cabana smoothie 


Creamy coco banana smoothie 


$3.50 (regular) 


$2.45 (regular) 






$2.50 (small) 


$1.75 (small) 


Very berry smoothie 


The purple moo smoothie 


$3.50 (regular) 


$2.45 (regular) 






$2.50 (small) 


$1.75 (small) 


Water 


Iced spring water 


$1.00 


$0.70 


Fresh fruit 


Fruit ninja 


$1.00 


$0.70 


Fresh fruit tray with fruit dipping sauce 


Fresh fruit dippers with verry berry dipping sauce 


$2.50 


$1.75 


Frozen banana 


Frozen funky monkey 


$1.50 


$1.05 


Fruit kebab with fruit dipping sauce 


Funtastic fruit kebab with verry berry dipping sauce 


$2.50 


$1.75 


Grilled banana 


Grilled bananarama boat 


$1.50 


$1.05 


Roast chicken sandwich 


Decked out chicken sandwich 


$4.95 


$346 


Loaded teriyaki chicken wrap 


Funky teriyaki chicken wrap 


$4.95 


$346 



Post-intervention Following the intervention periods 
baseline conditions were re-instituted for 8 days. 

Data collection 

The primary outcome was the change in sales of healthy 
items in the intervention periods relative to pre- and 
post-intervention in the full sample (ie. all patrons who 
purchased items at the target concession) and in a sub- 
sample of patrons whose purchases were directly observed. 
Secondary outcomes included change in the caloric value 
of purchases, change in revenues and gross profits, and 
qualitative process observations. 

Quantitative outcomes 

Sales in the full sample of patrons Itemized cash regis- 
ter sales data for all items sold were collected from 
both concessions throughout the study. Data from the 
municipally-operated concession were used to provide 
an indication of fluctuations in sales patterns due to the 
passage of time, and whether the interventions influenced 
food purchases outside of the target concession. The 
municipality provided information regarding the number 
of pool users each day. 

Revenues and gross profits The target concession pro- 
vided costs for purchasing raw ingredients and other 
supplies (eg. cups, spoons) for menu items. This informa- 
tion was used to calculate the food cost per item. Revenues 
per item were calculated as the number of items sold 
multiplied by the price. Gross profits per item were 
calculated as the difference between revenue and food 
costs. Labor costs were not included as they were 



similar for comparable healthy and unhealthy items and 
preparation times for all menu items were minimal. 

Caloric content The caloric content of all items on the 
target concession's menu was calculated using information 
obtained from package labels, manufacturer's websites and 
where necessary from the Canadian Nutrient File (version 
2010) and Food Processor SQL (version 10.11.0 ESHA 
Research Inc., Salem, Oregon). 

Quantitative observations of a subsample of concession 
patrons We assessed whether sales of healthy items in 
each study period differed according to demographic 
characteristics of patrons. To provide an unbiased estimate 
of purchases, observers directly observed a subsample 
of patrons' purchases (40.7% of all items purchased at the 
target concession) in an unobtrusive manner. Beginning 
at lunch time, an observer recorded observations for 5 
consecutive hours per day, for 2 days per period on at 
least one weekday and one weekend day. An extra day of 
data collection per period was added when sales volumes 
were not sufficiently high on the 2 scheduled observation 
days. Observers were stationed within close proximity to 
the cash register and could visually see all patrons, hear 
items being ordered, and see what was printed on each 
meal receipt. 

For each individual who made a purchase, observers 
recorded their best estimation of the purchasers' age 
(adult alone, child alone, both present), sex, weight status 
(non-overweight, overweight/obese, unknown), and items 
purchased. Observations were recorded on purpose- 
developed forms that had been pre-tested. Observers 
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used figural silhouettes for adults (9 for men, 9 for women) 
[46] and children (7 for boys, 7 for girls) [47] used in 
previous investigations to assist in estimating weight 
status. When children and adults purchased items in 
groups, observers did not record sex or weight status 
as it was not possible to record full details for all group 
members. 

The first author and observer trained the second ob- 
server, a senior nutrition student, in data collection 
procedures. Rates of agreement and kappa statistics for 
inter-rater reliability for demographic variables were 
moderate to high, ranging from 64% to 93% and from 
0.57 to 0.96, respectively, all with p values < 0.001. The 
kappa coefficients (0.85) and rates of agreement (83% 
to 100%) were high for identification of menu items. 
Agreement was lower for four menu items, as slushes 
(43%)/smoothies (65%) and waffle cones (22%)/regular 
ice cream cones (46%) were sometimes confused. These 
discrepancies did not alter our findings because these 
items have identical health ratings. 

Qualitative process observations 

Qualitative process observations were collected to pro- 
vide context for, and explain quantitative observations 
and sales data. The same two observers recorded process 
observations so that, through prolonged engagement, 
they could become intimately familiar with the setting 
and patrons' behaviors within the setting. One observer 
recorded qualitative observations of pool patrons, while 
the other recorded qualitative observations of business 
operations. Joint observation sessions between observers 
were held at least once per period to provide corroboration, 
sensitize observers to other potentially influential envir- 
onmental factors, and provide opportunities for critical 
reflection. Patterns in the data and ways to improve data 
collection were also discussed. 

Qualitative observations of pool patrons A single obser- 
ver recorded qualitative observations regarding patrons' 
dietary and physical activity behaviors for 5 consecutive 
hours per day for 11 days during the study, with 2-3 
observation sessions per period excluding the final post- 
intervention phase. This observer adhered to principles of 
passive participation [48] in which she was regularly 
present in the setting but did not participate to any sig- 
nificant extent in pool-related activities. 

Qualitative observations of business operations The 

first author observed the operation of the business from 
the perspective of an active participant [48]. The observer 
immersed herself in the setting, working alongside man- 
agers and staff to become familiar with many aspects of 
the business, including routine tasks such as procure- 
ment, food preparation, customer service, promotions 



and staff management. This hands-on approach provided 
an in-depth perspective of the practical realities of the 
industry, and the feasibility of using environmental change 
strategies in this context. It also ensured fidelity to the 
study protocol, as the observer could directly monitor de- 
livery of the interventions and data collection procedures. 

Data analysis 
Quantitative outcomes 

An analysis of covariance using the mixed procedure of 
SAS version 9.2 (Cary, NC) was used to estimate the 
impact of the interventions on sales in the target conces- 
sion considered in three ways: 1) number of items sold, 2) 
the caloric content of items sold, and 3) revenues and 
gross profits. The main effects considered were period (ie. 
pre- and post-intervention and the three intervention 
periods), type of item (ie. main dishes, side items, snacks 
and desserts) and nutritional quality (ie. healthy, unhealthy), 
and all interactions. The main effects of type of item and 
associated interactions are beyond the scope of the current 
paper and will be discussed in a future publication that ex- 
amines the types of healthy items that achieved the highest 
sales. Sales during the pre- and post-intervention periods 
did not differ significantly and therefore they were com- 
bined. The dependent variable means were adjusted for 
the highest air temperature reached each day (Canadian 
National Climate Data and Information Archive), hours 
of operation in the target concession, and the number 
of pool patrons. The number of adult patrons was the 
only significant covariate. Inclusion of a term indicating 
whether sales occurred on a weekend or weekday did not 
alter estimates, and therefore this term was not included 
in the final model. 

A maximum likelihood analysis using proc catmod and 
proc freq (SAS version 9.2, Cary, NC) was performed 
to assess the impact of the interventions on purchases 
by individuals in the directly observed subsample, with the 
nutritional quality of menu items modeled as a categorical 
dependent variable (healthy/ unhealthy). The main effects 
considered were period (pre and post-intervention and the 
three interventions periods), and purchasers' age (eg. adult 
alone, child alone or both present), weight status and 
sex. Sales differed significantly in the pre- and post- 
intervention periods and therefore they were kept separate 
for the analysis. All 2-way interactions were included in 
all models. Observations where the purchasers' weight 
status was uncertain were removed from the data set 
(n = 139 purchases), as were observations of pregnant 
women (n = 6 purchases), yielding a final sample of 
2512 items sold. 

When the results of the primary analyses were signifi- 
cant, post-hoc t-tests and 2x2 tables were used to deter- 
mine which means differed significantly from one another. 
Statistical significance was indicated at p < 0.05. 
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Qualitative process observations 

Qualitative observations were transcribed and analysed 
using thematic content analysis. Observations were grouped 
into themes that described similar events, such as parent- 
child interactions around food, and patrons' reactions 
to the various interventions. Comparison of findings from 
each period showed that patrons' behaviors were similar 
across all periods, and thus observations were integrated 
across periods. Dominant themes were identified based on 
the frequency of their occurrence, and narratives were 
constructed summarizing the most common observations 
pertaining to each theme. Peer-debriefing served to verify 
the findings. 

Results 

Overall sales at the target concession 

During the course of the study there were 6175 items 
sold in the target concession, of which 40.8% were 
healthy (Table 3). The number of healthy items sold was 
significantly lower than the number of unhealthy items 
sold (p < 0.0001). 

Overall revenues and gross profits at the target concession 

Average daily revenues (data not shown) and gross profits 
(Table 3) from unhealthy items were significantly greater 
than from healthy items (p < 0.0001), with healthy items 
generating 34.1% of gross profits (Figure 1). The mean daily 
food cost as a proportion of gross profits was higher for 
healthy compared to unhealthy items (Figure 1). 

The cost to implement the signage intervention was 
approximately $1500, while the cost to add taste testing 
approached $200. The additional cost of the price reduc- 
tions was nearly $600 in lost revenue. 

Impact of the interventions at the target concession 

Total sales volumes, the number of calories purchased, 
and revenues and gross profits from healthy and unhealthy 
items did not differ by period in the target concession 
(Table 3). 

Impact of the interventions at the municipally-operated 
concession 

Total sales volumes and sales of healthy and unhealthy 
items did not differ by period in the municipally-operated 
concession. 

Demographic characteristics of patrons in the subsample 
and association with food purchases 

Observers witnessed the purchase of 2512 items at the 
target concession (40.7% of all items sold at the target 
concession); 41.1% of these items were purchased by 
adults alone (n = 650 adults observed, 64.0% female, 38.7% 
overweight/obese), 15.9% by children alone (n = 342 chil- 
dren observed, 55.8% female, 14.3% overweight/obese) 



and 43.0% by adults and children together (n = 449 groups 
observed). 

More than 41% of items purchased by individuals in 
the subsample were healthy. The proportion of healthy 
items sold differed according to who was present during 
the purchase (p < 0.01; Table 4). When only adults were 
present, 43.5% of items purchased were healthy, signifi- 
cantly more than when both adults and children (39.0%), 
or only children (35.8%) were present. These trends were 
similar when the caloric value of purchases was examined. 
When only children were present the caloric value of 
purchases was significantly higher (260 ± 11 kcals) than 
when adults alone (225 ± 5 kcals) or both children and 
adults (212 ± 5 kcals) were present (p < 0.001). 

The proportion of healthy items sold differed by period 
in this subsample of patrons (p < 0.01; Table 4). An initial 
12.7% increase in sales of healthy items during the sign- 
age intervention did not reach statistical significance, 
although the signage + taste testing and the signage + taste 
testing + price reduction interventions increased selection 
of healthy items relative to the pre-intervention period 
by 30.4% and 28.7%, respectively. These increases were 
maintained in the final post-intervention period, as sales 
of healthy items remained 33.3% above pre-intervention 
levels. Sales of healthy items were equivalent across all 
three intervention periods and the post-intervention 
phase. For purchases where only adults or only children 
were present, the effectiveness of the interventions differed 
according to the weight status and sex of the purchaser, 
with overweight/obese individuals exhibiting greater sensi- 
tivity to the signage + taste testing + pricing intervention 
and less to the signage intervention compared to those 
who were not overweight, and males being less responsive 
to signage + taste testing but more responsive to the sign- 
age + taste testing + pricing intervention compared to 
females (p < 0.01). Figure 2 compares findings by period 
for the full sample and the subsample. 

Qualitative observations of patrons 

Patrons were primarily children accompanied by their 
parents, and most often by their mothers. Many races were 
represented, however patrons were primarily Caucasian. 
There was a sense of enthusiasm and fun in the atmos- 
phere, with much laughter and play. During their visit, 
patrons alternated between time spent in and outside 
the pool. Almost all patrons ate at some point during 
their visit, and most ate intermittently. It was common 
for families to pack a picnic lunch and supplement with 
items from the concessions. Social influences were evident 
around food. Children who approached the target conces- 
sion with their peers often purchased identical items. 
Parents also exerted significant control over their children's 
eating. They determined the range of choices on offer and 
were often the ones to initiate eating. Many were observed 



Table 3 Mean daily sales and gross profits in the full sample, n ± SEM (%) 



Pre- and post- Signage Signage + taste Signage + taste + price P value for interaction Overall mean 

intervention 3 with period for all periods 



Mean daily number of items sold 1 ' 
Dietary quality 

Healthy items 18.1 ±2.4 (37.7) 

Unhealthy items 29.9 ± 2.4 (62.3) 

Mean total daily sales 24.0 ± 1 .8 (23.0) 

Mean daily number of calories sola* 
Dietary quality 

Healthy items 3067 ± 636 (27.6) 

Unhealthy items 8041 ± 636 (72.4) 

Mean total calories sold 5554 ± 480 (23 2) 

Mean daily gross profits in dollars' 3 
Dietary quality 

Healthy items 40.52 ± 6.20 (35.0) 

Unhealthy items 75.29 ± 6.20 (65.0) 

Mean total daily gross profits 57.91 ± 4.67 (24.3) 



21.5 ±3.2 (42.3) 
29.4 ±3.2 (57.7) 
25.4 ±2.3 (24.3) 



3860 ± 847 (33.0) 
7821 ±847 (67.0) 
5841 ±606 (24.4) 



46.05 ± 8.25 (38.3) 
74.27 ±8.25 (61.7) 
60.1 6 ±5.91 (25.3) 



18.4 ±3.3 (35.7) 
33.1 ± 3.3 (64.3) 
25.7 ±2.4 (24.6) 



2766 ±877 (23.5) 
8999 ±877 (76.5) 
5883 ± 647 (24.5) 



38.92 ±8.53 (31.5) 
84.60 ± 8.53 (68.5) 
61. 76 ±6.29 (25.9) 



27.4 ± 3.2 (46.5) 

31. 5 ±3.2 (53.5) 
29.4 ±2.3 (28.1) 



4955 + 857 (37.0) 
8448 ±857 (63.0) 
6701 ±620 (27.9) 



37.04 ±8.34 (31.8) 
79.49 ± 8.34 (68.2) 
58.26 ± 6.03 (24.5) 



NS 



NS 



NS 



21.4 ±1.5 (40.8) 
3 1.0 ±1.5 (59.2) 
25.7 ± 1.8 



3662 ±396 (30.5) 
8327 ± 396 (69.5) 
5907 ±381 



P value for main effect 



< 0.0001 



NS 



< 0.0001 



NS 



< 0.0001 

40.63 ±3.85* (34.1) 
78.41 ± 3.85 (65.9) 
59.20 ± 3.82 NS 



n = 61 75 items sold during the study; ANCOVA was used to test for main effects and interactions. 
a Values for the pre- and post-intervention periods were combined as they were not significantly different. 
b Values are adjusted for daily hours of operation, number of pool patrons, and maximum temperature reached. 
Value differs significantly from the corresponding value for unhealthy items, p < 0.05. 
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40 




Total sales Gross profits 



Food cost 
proportion of 
gross profits 



■ Healthy ■ Unhealthy 

Figure 1 Total sales, gross profits, and food costs as a proportion 
of gross profits for healthy and unhealthy items across the five 
study periods in the target concession. Total sales represents the 
proportion of items sold that were healthy and unhealthy across all 
periods. The share of gross profits from healthy and unhealthy items 
represents the difference between total revenues and total food 
costs (cost of purchasing raw ingredients) for healthy and unhealthy 
items, respectively, divided by total gross profits for all items. Food 
cost as a proportion of gross profits was calculated by dividing total 
food costs (cost of purchasing raw ingredients) for healthy and 
unhealthy items by gross profits for healthy and unhealthy 
items, respectively. 



prodding their children to eat now, to wait to eat until 
later, to eat only certain items, or to eat at all. Children, 
however, were also accorded substantial input into food- 
related decisions as evidenced by the parental-child discus- 
sions that occurred around food. 

During the interventions children were observed inter- 
acting with the colorful displays, however few ordered 
the fresh fruit they were promoting. During taste testing 
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■ Full sample ■ Subsample 

Figure 2 Purchase of healthy items in the full sample and in 
the subsample during each of the five study periods. The full 
sample includes purchases made by all patrons in the target 
concession in each study period. Values are derived from cash 
register sales data. The subsample includes purchases made by 
patrons whose food purchases were directly observed (40.7% of all 
items purchased in the target concession). 



most patrons were enthusiastic to sample items, although 
a small minority declined to take a sample. Few patrons 
commented on the price reductions. Overall, very few 
patrons inquired about the healthfulness of menu items. 

Qualitative observations of business operations 

Challenges associated with offering healthy items in a 
commercial setting are detailed below. 

Complying with provincial nutrition standards 

While it was relatively simple to create healthy side items 
for the target concession's menu (eg. fresh fruit trays), it 



Table 4 Proportion (%) of purchases that were healthy in each period in the subsample according to purchaser and 
characteristics of the purchaser 

Pre-intervention Signage Signage + taste Signage + Post-intervention P value for Overall mean P value for 

taste + price interaction for all periods main effect 

with period 



Purchaser 












W5 




0.0068 


Adult only 


39.8 


40.8 


42.4 


45.3 


46.8 




43.5* 




Child only 


26.6 


27.3 


47.5 


35.8 


40.8 




35.8* 




Both present 


30.6 


35.4 


40.3 


46.8 


35.6 




39.0* 




Weight status 3 












0.0014 




0.0125 


Non-overweight 


32.6 


44.7 + 


46.1 


40.5* 


45.9 




42.1 




Overweight 


35.7 


27.5* 


35.6 


50.8* 


43.4 




39.7 




Sex a 












0.0094 




N5 


Male 


30.3 


38.6 


33.6* 


50.3* 


42.5 




41.3 




Female 


35.3 


37.5 


50.6* 


38.0* 


46.0 




41.3 




Overall mean 


33.7 


37.9 


43.9* 


43.3* 


44.9* 




41.3 


0.0048 



n = 1032 items purchased by adults alone, n = 400 by children alone, and n = 1080 by adults and children together; A chi-square analysis was used to test for main 
effects and interactions. 

a The weight status and sex of the purchaser were recorded for transactions involving adults only and children only. They were not recorded when both adults 
and children were present during the transaction. 
^Significantly different from pre-intervention, p < 0.05. 

^Values within a column with different superscripts are significantly different for that effect, p < 0.05. 
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was much more difficult to develop healthy main dish 
items that met the provincial nutrition standard for 
"choose most often" using commercially available ingredi- 
ents, as for instance, items with > 300 kcals could not 
exceed 700 mg of sodium. Some items could therefore 
not be made to fit the "choose most often" standard. 

Food preparation 

It was challenging to ensure consistent preparation of 
healthy menu items in a busy environment with rotating 
staff. Even slight deviations, such as adding an extra slice 
of chicken breast to sandwiches, using a regular versus a 
low sodium sauce, or preparing a wrap on a white rather 
than a whole wheat tortilla could cause a healthy item 
to be classified as unhealthy. Precise control of portion 
sizes was not possible due to time constraints, as staff 
did not have time to measure individual ingredients. 

Patron requests 

Patrons sometimes requested unhealthy modifications to 
healthy menu items, such as adding chocolate sauce or 
whipped cream to fruit. Although infrequent, managers 
felt compelled to accede to such requests. 

Communication 

It was challenging to market healthy items in a manner 
that communicated their healthfulness without stigma- 
tizing them as inferior in taste [49]. Signage had to be 
understandable and usable within the few seconds typic- 
ally allocated to food selection in restaurant settings 
while using limited text. 

Discussion 

To successfully navigate the obesogenic food landscape 
requires constant vigilance, a task that is cognitively de- 
pleting and therefore difficult to perform consistently 
[2,50]. By rearranging the food environment in a manner 
that facilitates healthier choices, nudging might help to 
counter the environmental push to select unhealthy 
options. This study found mixed evidence for the efficacy 
of three approaches to nudging healthy dietary choices at 
a population level. Overall, single or multiple nudges, or 
multiple nudges concurrent with price reductions did not 
influence the sale of healthy items at a community pool. 
Direct observations of a subset of patrons' purchases, 
however, showed an approximately 30% increase in sales 
of healthy items when a signage + taste testing interven- 
tion was implemented, an increase that was maintained 
when prices of healthy items were reduced by 30%, and 
even when all interventions were removed. 

It is unclear why results differed in the full and sub- 
samples. The subsample captured a large proportion 
of total purchases during the study (40.7%), albeit still 
a minority. As previously described, inclusion in the 



subsample was determined exclusively by the time of 
day purchases were made, and coincided with the 
busiest times of day. Patrons who purchased items 
during these times may therefore have differed from 
those who purchased items at other times in a manner 
that made them more responsive to changes in the 
food environment. All observations included the lunch 
time period, and thus it is possible that patrons may 
have been selecting a meal or a supplement to a meal, 
as opposed to a treat or a snack. The proportion of 
healthy items purchased by individuals in the full (40.8%) 
and subsample (41.3%) was not different, however. It is 
also possible that item misclassification on the part of 
observers might account for our mixed findings. This 
appears unlikely, however, because there was high con- 
gruence between observers and they could visually see 
all items being ordered and the printed list of items on 
receipts. It is also possible that patrons ordered healthy 
items because observers were present, although this too 
appears unlikely as observers were present during both 
control and intervention periods and their presence 
and purpose were not readily apparent. Differences in 
the statistical procedures used to analyse the two data 
sets might also be responsible, although our methods 
are consistent with others [51]. 

Intervention impact 

We implemented two nudges that have received little 
study, finding mixed evidence for their efficacy. We first 
tested the efficacy of descriptive menu labels, a strategy 
commonly used by the restaurant industry to improve 
consumers' taste expectations [42]. Wansink et al. [14] 
previously showed that sales of targeted (healthy and un- 
healthy) items in a University faculty cafeteria increased 
by 27% when they were given descriptive menu labels. 
We created descriptive menu labels for healthy items 
only, and although we increased the size of the signs on 
which they were placed, there was no impact of this 
change on sales of healthy items. When a taste testing 
intervention was added the results were mixed, as there 
was no apparent impact in the full sample, however sales 
in the subsample increased by 30% relative to baseline. 
The latter findings are in line with studies showing that 
repeated exposure to healthier foods can counter chil- 
dren's naturally neophobic tendencies [33], and that free 
product samples distributed to neophobic young adults 
can increase selection of unfamiliar healthful food prod- 
ucts by 14.6% [32]. Our findings in the subsample suggest 
an even stronger impact of taste testing, as participants 
were in a natural setting where they were required to pay 
for a full portion of the healthy items they had tasted. 
Qualitative studies suggest that children are particularly 
reluctant to expend money on new food choices or on 
fruit and vegetables which might taste bad, as opposed to 
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packaged junk foods which always taste the same [30]. 
Our findings suggest taste testing might help to reduce 
this perceived risk, thereby nudging purchase of novel, 
healthier items in some community settings. 

Systematic reviews have found subsidies/price reductions 
on healthier foods to be an effective means of increasing 
their purchase and consumption in a variety of settings 
[44,52,53]. This has not always proven to be the case in 
single [54,55], or combined interventions [44,52], however, 
suggesting that price may not always drive food purchases 
and that some populations are more price sensitive than 
others. In particular, low income populations, for whom 
food represents a larger proportion of total expenditures, 
are predictably more price sensitive [56-60] . 

In the present study, sales of healthy items remained 
constant in the full and subsamples when a pricing inter- 
vention was added, suggesting that price reductions did 
not incent purchase of healthy items in this context. Al- 
though it is possible that the impact of the signage + taste 
testing intervention in the subsample might have waned 
had a price reduction not been added, it appears more 
probable that price reductions were ineffective because 
our study sample likely represented a population with 
higher socioeconomic status (SES). There are several 
reasons to suspect that pool patrons represented a higher 
SES group. The study took place in one of the wealthiest 
jurisdictions in North America [61,62] and the pool was 
proximal to several wealthy neighborhoods. In addition, 
the pool was not readily accessible on foot or via public 
transit, and had a relatively high entrance fee, factors that 
have been shown to deter youth in low SES groups from 
participating in physical activity [63] . Observers also noted 
that many families appeared well off, paid cash for their 
purchases, and that few children were overweight/obese. 
Higher SES populations might not perceive a 30% finan- 
cial savings to be worth the non-monetary costs (poorer 
taste, reduced satisfaction) of consuming healthy items. 
Alternatively, price reductions might have been more 
effective had other healthy items been targeted, as the 
efficacy of price reductions differs by item [54,64]. Many 
of the healthy items targeted in this study contained 
fruit, and the demand for fruit is relatively inelastic 
[56,57,65,66]. Finally, given that the final price of dis- 
counted items was not posted (ie. signage placed on healthy 
items indicated that they were 30% off), it is possible that 
children or others with limited numerical skills did not 
understand the potential savings to be had. 

Although the addition of a pricing intervention did not 
appear to influence purchase of healthy items overall, 
individuals in the subsample who were overweight/obese 
exhibited a greater sensitivity to the addition of a pricing 
intervention relative to individuals who were normal 
weight. It is possible that the greater sensitivity of over- 
weight/obese persons to the signage + taste testing + price 



reduction intervention may reflect heightened price sensi- 
tivity due to their relatively lower SES, as individuals of 
lower SES tend to have higher body weights compared 
to those of higher SES [67,68]. These results contrast 
with those of Epstein et al. [69], who observed that obese 
mothers were less price sensitive than their nonobese 
counterparts. Males in the subsample also exhibited 
greater sensitivity to the addition of a pricing intervention 
relative to females. It is not clear why this was the case. 
Moderators of price sensitivity have rarely been examined, 
and gender-specific impacts of pricing interventions were 
not reported in a recent systematic review [52]. Subgroup- 
specific findings should be interpreted with caution, 
however, in light of discrepancies in findings between 
the full and subsamples, and the moderate kappa 
coefficients for inter-rater reliability on demographic 
variables. Our findings in this respect highlight the 
need to consider effect modification in future studies. 

In the full sample sales of healthy items did not differ 
in the pre- and post-intervention phases, however in the 
subsample sales of healthy items remained approximately 
30% above baseline values in the post-intervention period. 
This result may indicate that patrons in the subsample 
who increased their purchase of healthier items in the 
signage + taste testing and signage + taste testing + price 
reduction phases learned to prefer the healthier menu 
items, and therefore continued to purchase them when all 
the interventions were removed. Alternatively, if the same 
patrons did not frequent the pool on a weekly basis the 
finding that sales of healthy items remained 30% above 
baseline values in the post-intervention phase might 
indicate that something other than the interventions, 
such as differences in the clientele or an unobserved 
change at the pool, was responsible for the -30% increase 
in sales of healthier items observed. A marked shift in 
the clientele coinciding with the start of the signage + taste 
testing intervention appears unlikely, however, and ob- 
servers were almost continuously present at the pool 
and did not observe any changes other than those im- 
plemented as part of the intervention. Thus, the most 
plausible explanation is that the same patrons returned 
to the pool on a weekly basis and findings represent a true 
impact of the interventions on their food purchases. 

Limited impacts of the interventions are perhaps un- 
surprising in light of the social ecologic framework, which 
suggests that health behaviors are shaped by reciprocal 
interactions among individual, social, and environmental 
factors. Nudging is a very subtle technique, perhaps too 
subtle to counter the powerful influence of other environ- 
mental factors, such as food marketing, or individual 
factors such as food preferences or purchasing intentions. 
Indeed, the impact of nudging on food selection in many 
studies has been relatively small [7,15,17] and inconsistent. 
Nudges that have proven effective in one context [15,70,71] 
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have had null [51,72], or even opposite impacts in others 
[73], and outcomes sometimes differ widely for individual 
items [15,70,71,74]. Our findings are similar, as nudges 
that were not effective in the full sample were effective 
among a subsample of patrons, and their impact differed 
significantly according to the weight status and sex of 
the purchaser, suggesting differential sensitivity to specific 
food environment characteristics. Nudges might be more 
effective if incorporated within multicomponent interven- 
tions, or if carefully matched to the particular circum- 
stances of a target population and setting. 

Other explanations for our findings might include the 
fact that many healthy menu items were similar to the 
contents of patrons' home-packed lunches, making them 
less attractive compared to many unhealthy menu items 
which could not be brought from home due to temperature 
restrictions (eg. ice cream cones, grilled cheese sandwiches). 
Second, given that few children were overweight, parents 
may not have perceived a need to closely regulate children's 
intake of unhealthy items [75]. Third, the interventions 
may have had limited reach. Although the signage advertis- 
ing the new names and price reductions on healthy items 
was colorful and prominent, it may not have captured 
the attention of consumers in the few seconds typically 
allocated to food selection in away-from-home settings 
[51,75-77], particularly given the excited atmosphere [78]. 
Similarly, not all patrons participated in taste testing. 
Fourth, we only promoted the sale of the most healthy 
items on the menu. Other studies have combined healthy 
and moderately healthy items into a "healthier" category. 
Our results may have differed had we also promoted 
the sale of moderately healthy items, as the taste profiles 
of these foods are more compatible with consumer taste 
preferences. Lytle [79] has suggested that when food ac- 
cess is limited by factors such as low-income, individuals 
may be more susceptible to influences within the physical 
food environment. Thus, it is possible that the higher 
SES of the study sample might also underlie their relative 
insensitivity to the interventions. Finally, health is only 
one of many things that individuals value. Children, in 
particular, have difficulty perceiving the long-term health 
consequences of dietary choices, and tend to prioritize 
taste, particularly when eating outside the home [30,80]. 
Visits to the pool were a fun family outing and therefore 
parents may have been more likely to allow indulgences 
and to accede to children's food requests [81,82]. 

Other findings 

Compared to purchases made by adults alone and/or by 
children and adults together, when children were alone 
they purchased more unhealthy items and items with 
significantly more calories. Children perceive that pur- 
chase and preparation of fruits and vegetables are 
adult tasks [30]. Thus, it may be wise for parents to at 



least accompany children during food selection. Notably, 
however, adult choices were not substantially better 
than the choices made by children alone, a finding also 
observed by others [80,83,84]. In qualitative studies parents 
admit that they purchase unhealthy foods for their children 
because other concerns, such as convenience and cost 
sometimes take precedence over health [85-87]. Indeed, 
adults may be equally susceptible to environmentally-cued 
food selection, suggesting that all groups may benefit from 
increased availability of healthy options in recreational 
sports settings. It is important that adults select healthier 
options not only for their children, but also for themselves, 
to support health, and because parental role modeling 
significantly influences the dietary behaviors of children 
[88,89]. 

In contrast to industry's contention that healthy items 
do not sell in recreational sports settings [24,25], healthy 
items were popular among pool patrons and represented 
40.8% of items sold. Their share of gross profits was 
somewhat lower, at 34.1%, as the cost to purchase raw 
ingredients was higher for healthy foods relative to the 
profit they generated. Managers can find ways to further 
minimize food costs, however, as minimizing food costs 
was not an explicit study goal. In addition, lower profits 
on healthy items could be offset by increasing the price 
of unhealthy items [58,90]. None of the interventions in- 
creased overall sales volumes as has been seen in other 
studies [51,91,92], a beneficial finding from a public 
health perspective, but one that is contrary to the profit 
motive of industry; however, neither did they adversely 
affect gross profits, and all were relatively inexpensive to 
implement and administer. This study also identified a 
number of non-monetary challenges related to offering 
healthy items that were encountered by industry. The 
importance of working with the food industry to im- 
prove food environments has been recently highlighted 
[21,93] and it will therefore be important to address 
these barriers to ensure they do not impede much 
needed improvements to food environments. 

Strengths and limitations 

Researchers implemented all interventions in conjunction 
with concession staff and monitored them closely to 
ensure high fidelity. Thus, null results cannot be attrib- 
uted to poor execution of interventions. The study was 
performed in a real-world setting with all of its constraints 
and supports, increasing the validity of findings. An 
important strength of this study was that anonymous 
sales data were augmented by objective measures of 
food selection in a subsample of patrons for whom 
selected demographic characteristics were recorded. 
These strengths are balanced by several limitations, as 
observer error in this respect may have introduced bias. 
Our findings related to sex and weight status-specific 
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effects of the interventions apply only to purchases made 
by adults and children alone, and should therefore be 
regarded as a preliminary indication of the need for 
additional study of effect modifiers in this context. We 
collected observations of patrons who purchased items 
in the target concession, however these individuals do 
not necessarily represent those who contributed to the 
food purchasing decision or those who consumed the 
items. It is also not clear whether our findings have im- 
plications for dietary intake and body weight outcomes. 
If the changes observed are contextually specific, are 
not sustained over time, or do not lead to displacement 
of energy-dense foods in the diet, then these interven- 
tions may have little to no real impact. Given that the 
interventions were additive it was not possible to isolate 
their individual effects. Moreover, findings may not be 
generalizable to other settings and populations, or to 
sales of other healthy foods. 

Future directions 

There is no precise, operational definition of nudging [4]. 
To date, nudging has principally been used in an ad hoc 
manner and there is a need for a more robust theoretical 
underpinning to inform development and implementation 
of interventions [94]. A variety of data will be needed to 
achieve this outcome. Future studies should compare 
the relative efficacy of nudges implemented in different 
populations and settings, alone or in combination, and at 
multiple decision points such as when selecting a restaur- 
ant, at the point of ordering, during meal consumption, 
and at subsequent meals. The current literature suffers 
from heterogeneity in study outcomes, intervention sites, 
types of interventions, participants, outcome measures 
and types of meals [18], and it will therefore be important 
that future studies be designed in a manner that facilitates 
cross-study comparisons. Studies should also incorporate 
process measures to assist in understanding why some 
nudges work in some settings and others do not. Longer- 
term studies are needed, as the efficacy of nudges imple- 
mented in the same manner for the same foods might 
wane over time. 

Conclusions 

The notion that food choices can ever be free and inde- 
pendent is illusory at best, as the environment must always 
be arranged so as to influence choice in some manner [6]. 
Nudging's soft paternalistic approach may represent an 
acceptable compromise between libertarians who advocate 
for free choice and those wishing to eradicate negative 
environmental exposures. This study, however, found 
mixed evidence for the efficacy of nudging in cueing 
healthier dietary behaviors. Moreover, price reductions 
appeared ineffectual in this setting. Our findings point 
to complex, context-specific patterns of effectiveness. 



Given nudging's small and inconsistent impacts to date, it 
should not supplant the use of other proven strategies, 
but should be regarded as one more tool in the obesity 
prevention toolbox that may be useful in particular 
contexts. The challenge for public health will be to 
identify optimal combinations and contexts in which to 
apply nudges and leverage their strengths within a social 
ecological framework. Premature reliance on nudging in 
the absence of such information could prove harmful if 
more effective interventions are neglected as a result [18]. 

Abbreviations 

ANCOVA: Analysis of covariance; Kcals: Kilocalories; SEM: Standard error of 
the mean; SES: Socioeconomic status. 

Competing interests 

The authors declare that they have no competing interests. 
Authors' contributions 

DLO: designed the study, collected, analysed and interpreted the data, wrote 
the manuscript, obtained funding; LAG: analysed and interpreted the data, 
edited the manuscript; LIM: designed the study, interpreted the data, edited 
the manuscript; KDR: designed the study, interpreted the data, edited the 
manuscript. All authors read and approved the final manuscript. 

Acknowledgements 

The authors are grateful for the willingness of the municipality and the 
privately-operated concession to participate in this study. Kylie McLean, 
Michelle Brewster and Shelby Gender provided excellent assistance with data 
collection and analysis. This study was funded by the Canadian Foundation 
for Dietetic Research. The funding body had no role in the design, collection, 
analysis, or interpretation of the data, in writing the manuscript, or in the 
decision to submit the manuscript for publication. Dana Olstad has received 
scholarship support from a Vanier Canada Graduate Scholarship, the Alberta 
Centre for Child, Family and Community Research, a Canadian Institutes of 
Health Research/Heart and Stroke Foundation of Canada Training Grant in 
Population Intervention for Chronic Disease Prevention, and the Canadian 
Federation of University Women. 

Author details 

'Alberta Institute for Human Nutrition, 2-021 D Li Ka Shing Centre, University 
of Alberta, Edmonton, ABT6G 2E1, Canada, department of Agricultural, 
Food and Nutritional Science, 4-10 Agriculture/Forestry Centre, University of 
Alberta, Edmonton, AB T6G 2P5, Canada. 3 Centre for Health Promotion 
Studies, University of Alberta, 3-300 ECHA, 1 1405 87 Ave, Edmonton, AB T6G 
1C9, Canada. 4 Alberta Agriculture and Rural Development, Government of 
Alberta, #307, 7000 113 Street, J.G. O'Donoghue Building, Edmonton, AB T6H 
5T6, Canada. 

Received: 1 June 2013 Accepted: 21 January 2014 
Published: 22 January 2014 

References 

1. Cohen D, Farley TA: Eating as an automatic behavior. Prev Chronic Dis 
2008, 5(1):A23. 

2. Cohen DA, Babey SH: Contextual influences on eating behaviours: 
heuristic processing and dietary choices. Obes Rev 2012, 13(9):766-779. 

3. Marteau TM, Hollands GJ, Fletcher PC: Changing human behavior to 
prevent disease: the importance of targeting automatic processes. 

Science 2012, 337(61 01 ):1 492-1495. 

4. Marteau TM, Ogilvie D, Roland M, Suhrcke M, Kelly MP: Judging nudging: 
can nudging improve population health? BMJ 201 1, 342:d228. 

5. Downs J, Loewenstein G, Wisdom J: Strategies for promoting healthier 
choices. Am Econ Rev 2009, 99(2):1 59-164. 

6. Thaler R, Sunstein C: Nudge: improving decisions about health, wealth and 
happiness. New York: Penguin Books; 2008. 



Olstad et al. International Journal of Behavioral Nutrition and Physical Activity 201 4, 1 1 :6 
http://www.ijbnpa.Org/content/1 1/1/6 



Page 13 of 14 



7. Hanks AS, Just DR, Smith LE, Wansink B: Healthy convenience: nudging 
students toward healthier choices in the lunchroom. J Public Health (Oxf) 
2012, 34(3):370-376. 

8. Wansink B, Just DR, Hanks AS, Smith LE: Pre-sliced fruit in school cafeterias: 
children's selection and intake. Am J Prev Med 201 3, 44(5)477-480. 

9. Just DR, Lund J, Price J: The role of variety in increasing the consumption 
of fruits and vegetables among children. Agric Resour Econ Rev 201 2, 
41(1):72-81. 

0. Just D, Wansink B: Smarter lunchrooms: using behavioral economics to 
improve meal selection. Choices 2009, 24(3). 

1. Schwartz MB: The influence of a verbal prompt on school lunch fruit 
consumption: a pilot study. Int J Behav Nutr Phys Act 2007, 4:6. 

2. Perry CL, Bishop DB, Taylor GL, Davis M, Story M, Gray C, Bishop SC, Mays RA, 
Lytle LA, Harnack L: A randomized school trial of environmental strategies to 
encourage fruit and vegetable consumption among children. Health Educ 
8e/iw2004,31(l):65-76. 

3. de Droog SM, Valkenburg PM, Buijzen M: Using brand characters to 
promote young children's liking of and purchase requests for fruit. 
J Health Commun 201 1, 16(l):79-89. 

4. Wansink B, Painter JE, van Ittersum K: Descriptive menu labels' effect on 
sales. Cornell Hosp Q 2001, 42(6):68-72. 

5. Thorndike A, Sonnenberg L, Riis J, Barraclough S, Levy D: A 2-phase 
labeling and choice architecture intervention to improve healthy food 
and beverage choices. Am J Public Health 2012. epub ahead of print. 

6. Wisdom J, Downs J, Loewenstein G: Promoting healthy choices: 
Information versus convenience. Am Econ J 2010, 2:164-178. 

7. Rozin P, Scott S, Dingley M, Urbanek J, Jiang H, Kaltenbach M: Nudge to 
nobesity I: minor changes in accessibility decrease food intake. Judgment 
Decis Making 201 1, 6(4)323-332. 

8. Skov LR, Lourenco S, Hansen GL, Mikkelsen BE, Schofield C: Choice 
architecture as a means to change eating behaviour in self-service 
settings: a systematic review. Obes Rev 2013, 14(3): 187- 196. 

9. Naylor PJ, Bridgewater L, Purcell M, Ostry A, Wekken SV: Publically funded 
recreation facilities: obesogenic environments for children and families? 
Int J Environ Res Public Health 2010, 7(5)2208-2221. 

20. Olstad DL, Downs SM, Raine KD, Berry TR, McCargar U: Improving 
children's nutrition environments: a survey of adoption and 
implementation of nutrition guidelines in recreational facilities. 
BMC Public Health 2011, 11:423. 

21. Olstad DL, Raine KD, McCargar LJ: Adopting and implementing nutrition 
guidelines in recreational facilities: public and private sector roles. 

A multiple case study. BMC Public Health 2012, 12:376. 

22. Naylor PJ, Wekken SV, Trill D, Kirbyson A: Facilitating healthier food 
environments in public recreation facilities: results of a pilot project in 
British Columbia, Canada. J Park Recreation Adm 2010, 28(4)37-58. 

23. Thomas H, Irwin J: Food choices in recreation facilities: operators' and 
patrons' perspectives. Can J Diet Pract Res 2010, 71 (4):1 80-1 85. 

24. Vander Wekken S, Sorensen S, Meldrum J, Naylor PJ: Exploring industry 
perspectives on implementation of a provincial policy for food and 
beverage sales in publicly funded recreation facilities. Health Policy 2012, 
104(3):279-287. 

25. Olstad DL, Raine KD, McCargar LJ: Adopting and implementing nutrition 
guidelines in recreational facilities: tensions between public health and 
corporate profitability. Public Health Nutr 2013, 16(5):81 5-823. 

26. ODea JA: Why do kids eat healthful food? Perceived benefits of and 
barriers to healthful eating and physical activity among children and 
adolescents. J Am Diet Assoc 2003, 103(4)497-501. 

27. Glanz K, Basil M, Maibach E, Goldberg J, Snyder D: Why Americans eat 
what they do: taste, nutrition, cost, convenience, and weight control 
concerns as influences on food consumption. J Am Diet Assoc 1998, 
98(1 0):1 118-1 126. 

28. Blanchette L, Brug J: Determinants of fruit and vegetable consumption 
among 6-12-year-old children and effective interventions to increase 
consumption. J Hum Nutr Diet 2005, 1 8(6):43 1 -443. 

29. Larson N, Laska MN, Story M, Neumark-Sztainer D: Predictors of fruit and 
vegetable intake in young adulthood. J Acad Nutr Diet 2012, 

1 1 2(8):1 216-1 222. 

30. Krolner R, Rasmussen M, Brug J, Klepp Kl, Wind M, Due P: Determinants of 
fruit and vegetable consumption among children and adolescents: a 
review of the literature. Part II: qualitative studies. Int J Behav Nutr Phys 
Act 2011,8:112. 



31 . Drewnowski A: Taste preferences and food intake. Annu Rev Nutr 1 997, 
17:237-253. 

32. Schickenberg B, van Assema P, Brug J, de Vries NK: Product samples 
stimulate choice of unfamiliar healthful food products. Appetite 201 1, 
57(1 ):1 97-201 . 

33. Birch LL, Marlin DW: I don't like it; I never tried it: effects of exposure on 
two-year-old children's food preferences. Appetite 1982, 3(4)353-360. 

34. Baranowski T, Davis M, Resnicow K, Baranowski J, Doyle C, Lin LS, Smith M, 
Wang DT: Gimme 5 fruit, juice, and vegetables for fun and health: 
outcome evaluation. Health Educ Behav 2000, 27(1):96-1 1 1 . 

35. Reynolds KD, Franklin FA, Binkley D, Raczynski JM, Harrington KF, Kirk KA, 
Person S: Increasing the fruit and vegetable consumption of fourth- 
graders: results from the high 5 project. Prev Med 2000, 30(4)309-319. 

36. Perry CL, Bishop DB, Taylor G, Murray DM, Mays RW, Dudovitz BS, Smyth M, 
Story M: Am J Public Health 1 998, 88(4):603-609. 

37. Home PJ, Tapper K, Lowe CF, Hardman CA, Jackson MC, Woolner J: 
Increasing children's fruit and vegetable consumption: a peer-modelling 
and rewards-based intervention. Eur J Clin Nutr 2004, 58(1 2):1 649-1 660. 

38. Gittelsohn J, Suratkar S, Song HJ, Sacher S, Rajan R, Rasooly IR, Bednarek E, 
Sharma S, Anliker JA: Process evaluation of Baltimore Healthy Stores: a 
pilot health intervention program with supermarkets and corner stores 
in Baltimore City. Health Promot Pract 2010, 1 1 (5):723-732. 

39. Curran S, Gittelsohn J, Anliker J, Ethelbah B, Blake K, Sharma S, Caballero B: 
Process evaluation of a store-based environmental obesity intervention on 
two American Indian Reservations. Health Educ Res 2005, 20(6):71 9-729. 

40. Gittelsohn J, Dyckman W, Frick KD, Boggs MK, Haberle H, Alfred J, Vastine A, 
Palafox N: A pilot food store intervention in the Republic of the Marshall 
Islands. Pac Health Dialog 2007, 14(2)43-53. 

41 . Ho LS, Gittelsohn J, Rimal R, Treuth MS, Sharma S, Rosecrans A, Harris SB: 
An integrated multi-institutional diabetes prevention program improves 
knowledge and healthy food acquisition in northwestern Ontario First 
Nations. Health Educ Behav 2008, 35(4)561-573. 

42. Wansink B, van Ittersum K, Painter JE: How descriptive food names bias 
sensory perceptions in restaurants. Food Qual Prefer 2005, 16:393-400. 

43. Jensen JD, Hartmann H, de Mul A, Schuit A, Brug J: Economic incentives 
and nutritional behavior of children in the school setting: a systematic 
review. Nutr Rev 201 1 , 69(1 1 ):660-674. 

44. An R: Effectiveness of subsidies in promoting healthy food purchases 
and consumption: a review of field experiments. Public Health Nutr 201 2, 
16(7):1-14. 

45. Alberta Health and Wellness: The Alberta nutrition guidelines for children and 
youth. 2012. Available at: http://www.healthyalberta.com/ 
NutritionGuidelines-Sept2012.pdf. 

46. Stunkard AJ, Sorenson Tl, Schulsinger F: Use of the Danish adoption 
register for the study of obesity and thinness. In The genetics of 
neurological and psychiatric disorders. Edited by Kety S. New York: Raven; 
1983:115-120. 

47. Warschburger P, Kroller K: Maternal perception of weight status and health 
risks associated with obesity in children. Pediatrics 2009, 124(l):e60-e68. 

48. Spradley J: Doing participant observation. In Participant observation. New 
York: Holt, Rinehart and Winston; 1980. 

49. Raghunathan R, Walker RE, Hoyer WD: The unhealthy = tasty intuition and 
its effects on taste inferences, enjoyment and choice of food products. 
Adv Consum Res 2006, 33:450-451. 

50. Bublitz MG LAP, Block LG: Why did I eat that? Perspectives on food 
decision making and dietary restraint. J Consum Psychol 2010, 20:239-258. 

51 . van Kleef E, Often K, van Trijp HC: Healthy snacks at the checkout counter: 
a lab and field study on the impact of shelf arrangement and assortment 
structure on consumer choices. BMC Public Health 2012, 12(1):1072. 

52. Epstein LH, Jankowiak N, Nederkoorn C, Raynor HA, French SA, Finkelstein E: 
Experimental research on the relation between food price changes and 
food-purchasing patterns: a targeted review. Am J Clin Nutr 2012, 
95(4)789-809. 

53. Faith MS, Fontaine KR, Baskin ML, Allison DB: Toward the reduction of 
population obesity: macrolevel environmental approaches to the 
problems of food, eating, and obesity. Psychol Bull 2007, 133(2)205-226. 

54. French SA, Story M, Jeffery RW, Snyder P, Eisenberg M, Sidebottom A, 
Murray D: Pricing strategy to promote fruit and vegetable purchase in 
high school cafeterias. J Am Diet Assoc 1997, 97(9):1 008-1 010. 

55. Jue JJ, Press MJ, McDonald D, Volpp KG, Asch DA, Mitra N, Stanowski AC, 
Loewenstein G: The impact of price discounts and calorie messaging 



Olstad et al. International Journal of Behavioral Nutrition and Physical Activity 201 4, 1 1 :6 
http://www.ijbnpa.Org/content/1 1/1/6 



Page 14 of 14 



on beverage consumption: a multi-site field study. Prev Med 2012, 
55(6):629-633. 

Powell LM, Chriqui JF, Khan T, Wada R, Chaloupka FJ: Assessing the 
potential effectiveness of food and beverage taxes and subsidies for 
improving public health: a systematic review of prices, demand and 
body weight outcomes. Obes Rev 2013, 14(2): 1 10-128. 
Powell LM, Zhao Z, Wang Y: Food prices and fruit and vegetable consumption 
among young American adults. Health Place 2009, 15(4)1064-1070. 
Powell LM, Chaloupka FJ: Food prices and obesity: evidence and policy 
implications for taxes and subsidies. Milbank 0 2009, 87(1)229-257. 
Sturm R, Powell LM, Chriqui JF, Chaloupka FJ: Soda taxes, soft drink 
consumption, and children's body mass index. Health Aff (Millwood) 2010, 
29(5): 1 052-1 058. 

Beydoun MA, Powell LM, Chen X, Wang Y: Food prices are associated with 
dietary quality, fast food consumption, and body mass index among U.S. 
children and adolescents. J Nutr 201 1, 141(2):304-31 1 . 

Per capital real GDP by state. [http://www.bea.gov/iTable/iTable.cfm? 
reqid=70&step=l&isuri=l&acrdn=l#reqid=70&step=l&isuri=l] 
Median total income, by family type, by census metropolitan area, [http:// 
www.statcan.gc.ca/tables-tableaux/sum-som/IOl/cstOl/famil107a-eng.htm] 
Humbert ML, Chad KE, Spink KS, Muhajarine N, Anderson KD, Bruner MW, 
Girolami TM, Odnokon P, Gryba CR: Factors that influence physical activity 
participation among high- and low-SES youth. Qual Health Res 2006, 
16(4)467-483. 

Horgen KB, Brownell KD: Comparison of price change and health 
message interventions in promoting healthy food choices. Health Psychol 
2002, 21(5)505-512. 

Eyles H, Ni Mhurchu C, Nghiem N, Blakely T: Food pricing strategies, 
population diets, and non-communicable disease: a systematic review of 
simulation studies. PLoS Med 2012, 9(1 2):e1 001 353. 
Andreyeva T, Long MW, Brownell KD: The impact of food prices on 
consumption: a systematic review of research on the price elasticity of 
demand for food. Am J Public Health 2010, 100(2)216-222. 
Phipps SA, Burton PS, Osberg LS, Lethbridge LN: Poverty and the extent of 
child obesity in Canada, Norway and the United States. Obes Rev 2006, 
7(1)5-12. 

Robert SA, Reither EN: A multilevel analysis of race, community 
disadvantage, and body mass index among adults in the US. Soc Sci Med 

2004, 59(12)2421-2434. 

Epstein LH, Dearing KK, Paluch RA, Roemmich JN, Cho D: Price and 
maternal obesity influence purchasing of low- and high-energy-dense 
foods. Am J Clin Nutr 2007, 86(4)91 4-922. 

Vyth EL, Steenhuis IH, Heymans MW, Roodenburg AJ, Brug J, Seidell JC: 
Influence of placement of a nutrition logo on cafeteria menu items on 
lunchtime food Choices at Dutch work sites. J Am Diet Assoc 201 1 , 

111(0:131-136, 

Dubbert PM, Johnson WG, Schlundt DG, Montague NW: The influence of 
caloric information on cafeteria food choices. J Appl Behav Anal 1984, 
17(1)85-92. 

Buscher LA, Martin KA, Crocker S: Point-of-purchase messages framed in 
terms of cost, convenience, taste, and energy improve healthful snack 
selection in a college foodservice setting. J Am Diet Assoc 2001 , 

101(8)309-913. 

Mishra A, Mishra H, Masters TM: The influence of bite size on quantity of 
food consumed: a field study. J Consum Res 2012, 38:791-795. 
Meyers AW, Stunkard AJ, Coll M: Food accessibility and food choice. A test 
of Schachter's externality hypothesis. Arch Gen Psychiatry 1980, 
37(1 0):1 133-1 135. 

Auchincloss AH, Young C, Davis AL, Wasson S, Chilton M, Karamanian V: 
Barriers and facilitators of consumer use of nutrition labels at sit-down 
restaurant chains. Public Health Nutr 2013, 21 (3):1 -8. 
76. Block JP, Chandra A, McManus KD, Willett WC: Point-of-purchase price 

and education intervention to reduce consumption of sugary soft drinks. 
Am J Public Health 2010, 100(8):1427-1433. 

Giskes K, Van Lenthe FJ, Brug J, Mackenbach JP, Turrell G: Socioeconomic 
inequalities in food purchasing: the contribution of respondent- 
perceived and actual (objectively measured) price and availability of 
foods. Prev Med 2007, 45(1):41-48. 

Holsten JE, Deatrick JA, Kumanyika S, Pinto-Martin J, Compher CW: Children's 
food choice process in the home environment. A qualitative descriptive 
study. Appetite 201 2, 58(1)64-73. 



56 



57. 



58. 



59 



60 



62. 



63. 



65 



66. 



67. 



69. 



70 



72 



73. 



74. 



75. 



77. 



78. 



79. Lytle LA: Measuring the food environment: state of the science. Am J Prev 
Med 2009, 36(4 Suppl):S1 34-S1 44. 

80. Elbel B, Gyamfi J, Kersh R: Child and adolescent fast-food choice and the 
influence of calorie labeling: a natural experiment. Int J Obes (Lond) 201 1, 
35(4)493-500. 

81 . Herman AN, Malhotra K, Wright G, Fisher JO, Whitaker RC: A qualitative study 
of the aspirations and challenges of low-income mothers in feeding their 
preschool-aged children. Int J Behav Nutr Phys Act 201 2, 9(1 ):1 32. 
Petrunoff NA, Wilkenfeld RL, King LA, Flood VM: Treats', 'sometimes foods', 
'junk': a qualitative study exploring 'extra foods' with parents of young 
children. Public Health Nutr 2012:1-8 (epub ahead of print). 
Epstein LH, Dearing KK, Handley EA, Roemmich JN, Paluch RA: Relationship 
of mother and child food purchases as a function of price: a pilot study. 
Appetite 2006, 47(1):1 15-1 18. 

Klesges RC, Stein RJ, Eck LH, Isbell TR, Klesges LM: Parental influence on 
food selection in young children and its relationships to childhood 
obesity. Am J Clin Nutr 1991, 53(4)859-864. 

Disantis Kl, Grier SA, Odoms-Young A, Baskin ML, Carter-Edwards L, Young DR, 
Lassiter V, Kumanyika SK What "price" means when buying food: insights 
from a multisite qualitative study with black Americans. Am J Public Health 
2013, 103(3)516-522. 

Slater J, Sevenhuysen G, Edginton B, O'Neil J: 'Trying to make it all come 
together': structuration and employed mothers' experience of family 
food provisioning in Canada. Health Promot Int 2012, 27(3)405-415. 
Haynes-Maslow L, Parsons SE, Wheeler SB, Leone LA: A qualitative study of 
perceived barriers to fruit and vegetable consumption among low- 
income populations, north Carolina, 201 1. Prev Chronic Dis 2013, 1 0:E34. 

88. Rasmussen M, Krolner R, Klepp Kl, Lytle L, Brug J, Bere E, Due P: 
Determinants of fruit and vegetable consumption among children and 
adolescents: a review of the literature. Part I: Quantitative studies. Int J 
Behav Nutr Phys Act 2006, 3:22. 

89. Pearson N, Biddle SJ, Gorely T: Family correlates of fruit and vegetable 
consumption in children and adolescents: a systematic review. 
Public Health Nutr 2009, 12(2)267-283. 

90. Hannan P, French SA, Story M, Fulkerson JA: A pricing strategy to promote 
sales of lower fat foods in high school cafeterias: acceptability and 
sensitivity analysis. Am J Health Promot 2002, 17(1)1-6. ii. 

91 . Wilbur CS, Zifferblatt SM, Pinsky JL, Zifferblatt S: Healthy vending: a 
cooperative pilot research program to stimulate good health in the 
marketplace. Prev Med 1981, 10(0:85-93. 

92. Waterlander WE, Steenhuis IH, de Boer MR, Schuit AJ, Seidell JC: 
Introducing taxes, subsidies or both: the effects of various food pricing 
strategies in a web-based supermarket randomized trial. Prev Med 2012, 
54(5)323-330. 

93. Johnson DB, Payne EC, McNeese MA, Allen D: Menu-labeling policy in king 
county, Washington. Am J Prev Med 2012, 43(3 Suppl 2):S130-S135. 

94. Rice T: The behavioral economics of health and health care. Annu Rev 
Public Health 2013, 34:431-447. 



82. 



83. 



85. 



86. 



87. 



doi:10.1 186/1479-5868-1 1-6 

Cite this article as: Olstad ef al: Choosing healthier foods in recreational 
sports settings: a mixed methods investigation of the impact of 
nudging and an economic incentive. International Journal of Behavioral 
Nutrition and Physical Activity 2014 1 1:6. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www. biomedcentra I .com/su bmit 



o 



BioMed Central 



